W e -gated an ect~-ATpase/d-CAM 105 (C-CAM), PRviously shown to be distinct from the Ca2' pump, in rat parotid and submandibular glands. Polydonal antibodies raised against the enzyme were employed using indirect immunofluorescence, peroxidase-anti-peroxidase (PAP), and electron miaompic immunogold labeling procedures to visualize the location of the enzyme. In the PApstained sections and with immunofluotescence, labeling was observed on the luminal and lateral surfaces and the intercellular canaliculi of the acinar cells of both glands. The luminal sudace ofthe intetcakted ducts was brightly staiaed, whereas those of the striated and excretory ducts were less prominently labeled. The basal surface of the acinar cells in the parotid gland and the lateral and basal surfaces of the duct cells wete not labeled. Apparent labeling was observed on the basal surface of the submandibular acinar cells. Elec-Antibodies. The antibody tested i n the immunohistochemistry studies was a polyclonal antibody, 669 (Ab 669), raised against SDS-PAGE-pursed 18. Hassan MO. The identification of adenosine triphosphate in human saliva.
Introduction
Ecto-ATPase(s) is an enzyme located in the plasma membrane which can hydrolyze extracellular ATP. A Ca2'-ATPase from rat liver has been characterized as an ecto-ATPase (1) and its primary structure identified (2) . The protein has a molecular weight of approximately 100 KD and is glycosylated. It differs from other known ATPases not only in location but also in several other important characteristics. It is insensitive to substances known to inhibit other ATPases, such as ouabain and vanadate; it is stimulated by Ca2' or Mg2' but does not require the addition of both cations; and it is relatively non-selective as to nucleotide substrate (3) . In the liver this ecto-ATPase appears to be located on the canalicular surface rather than the sinusoidal surface (4).
Recent studies have indicated that this ecto-ATPase is identical with another membrane glycoprotein, C-CAM. Aurivillius et al. 
1994)
C-CAM were in close agreement with sequences in rat liver ecto-ATPase as determined by Lin and Guidotti (2). Lin et al. (6) found further evidence for this identity by using ecto-ATPase cDNA, antipeptide antibodies produced against peptides from the C-CAM, and monoclonal antibodies against the C-CAM.
The characteristics of this ATPase in rat parotid gland have been explored in experiments by Cheung et al. (7) . It was shown that Ca2+-ATPase from the acinar cell membranes has the characteristics of an ecto-ATPase and that an antibody raised against the rat liver ecto-ATPase reacts with a parotid plasma membrane Ca2'-ATPase.
The function of this enzyme has not yet been determined. Because of two findings, first, that the ecto-ATPase appeared to be identical to a plasma membrane molecule associated with cell-cell adhesion (8) and, second, that the liver ecto-ATPase was located primarily on the bile canalicular surface of liver cells (4), we examined rat parotid and submandibular glands to determine the location of the C-CAM. We anticipated that this information would provide additional clues to the possible function of the protein.
denatured liver C-CAM (9) . Another polyclonal antibody, 708 (Ab 708). raised against purified native ecto-ATPase, was used in an immunoprecipitation study. The antibodies were kindly supplied by Dr. S-H Lin (MD Anderson Cancer Center at Houston, Tnras).
Tissue Prepvation for Light and Elmon Miaompy. Parotid and submandibular glands were obtained from adult male Sprague-Dawley rats (viral antibody free) (Harlan; Indianapolis, IN). The National Institutes of Health guide for care and use of laboratory animals was followed in these experiments. The animals were anesthetized IP with ketamine/xylazine (90 mg/lO mg/kg body weight) and the glands were fixed by vascular perfusion with either 4% (para)formaldchyde (PF), 3% (para)formaldehyde-0.15% glutaraldehyde, or 1% glutaraldehyde (G) in 0.1 M sodium phosphate or sodium cacodylate buffer, pH 7.4. After perfusion for about 10 min, the glands were excised and immersed in fresh room-temperature (RT) fixative for an additional 1-4 hr. After fixation the glands were rinsed and stored at 4°C in the same buffer containing 5-7% sucrose.
Tissues for immunofluorescence labeling were immersed in HistoPrep (Fisher Scientific; Springfield, NJ) and rapidly frozen in isopentane cooled on dry ice. Tissues for peroxidase-anti-peroxidax (PAP) labeling were dehydrated in ethanol, cleared in xylene, and embedded in paraffin. Tissues for EM immunogold labeling were trimmed into small pieces (1 mm3), dehydrated in graded ethanol or methanol solutions, and embedded in either LR White or Lowicryl K4M. LR White blocks were polymerized overnight at 60% and Lowicryl blocks were polymerized with w light at -2O' C for 5-7 days.
hunofluoraccnac Labeling. Cryostat sections (10 pm) of PFfixed glands were mounted on gelatin-coated slides and immunolabeling was carried out in humidified chambers as described previously (10) . Briefly, nonspecific binding was blocked by treatment of the sections for 15 min with 1% bmine s e m albumin (BSA) in PBS (140 mM NaU, 2.6 mM KCl, 8.1 mM Na2HP04, 1.4 mM KH2PO4). The primary antibody was diluted in 5% normal goat serum in PBS and placed on the sections for 60 min. Incubation with the secondary antibody (FIX-labeled goat anti-rabbit IgG) (Cappel; Durham, NC), diluted 1:50 in PBS, was for 30 min. The sections were rinsed with PBS after each step and coverslips were mounted with 50% glycerol in PBS. The sections were vicwed and photographed with epifluorescence illumination in a Leitz Orthoplan microscope.
PAP Labeling. Paraffin sections (S pM) of G-or PFfixed glands were mounted on gelatin-coated slides and immunolabeled with the PAP procedure, modified from Moreira et al. (11) . After deparaffinization in xylene, the sections were brought to 85% ethanol and endogenous peroxidases were blocked with 0.6% H202 in 85% methanol for 30 min. The sections were rinsed with distilled water and PBS, and nonspecific binding was blocked with 1% BSA-5% normal goat serum in PBS. Incubation with the primary antibody (60 min) was followed by treatment with unlabeled affkity-puriied goat anti-rabbit IgG (Cappel) (150 in PBS, 30 min) and then rabbit PAP (Cappel) (1:loO in PBS, 30 min). The bound PAP complex was visualized in 0.05% diaminobcnzidine, 0.01% H202 in PBS for 10 min. The sections were counterstained with hematoxylin, dehydrated in ethanol, cleared in xylene, and coverslips mounted with Permount. Sections were viewed and photographed with brightfield illumination.
Post-embedding Immunogold Labeling. Thin sections of G-fixed or PF-G-fixed glands embedded in LR White or Lowicryl K4M were cut with a diamond knife and collected on 300-mesh nickel grids or 2OO-mesh for"coated nickel grids. The immunolabeling procedure was modified from that described by Hand and Jungmann (12) . Grids were floated section side down on 25-3O-pl drops of reagent in Parafilm-lined petri dishes. Nonspecific binding was blocked with 1% BSA-1% instant milk in PBS for 30 min. The primary antibody was diluted in 1% BSA in PBS and incubated overnight at 4'C. After rinsing with PBS and blocking again with 1% BSA-1% instant milk, the grids were incubated for 30 min at RT on protein A-gold (10-nm diameter) (Amersham; Arlington Heights, IL) diluted 1:10 in PBS. The grids were rinsed again with PBS and finally with distilled water before drying and staining with uranyl acetate and lead citrate. The sections were observed and photographed in a Philips CMlO transmission EM.
Controls.
Controls for all immunolabeling procedures included omission of the primary antibody from the labeling sequence and substitution of non-immune rabbit serum (Cappel) for the primary antibody, Immunoblotting. Isolation of plasma membrane vesicles, precipitation of the C-CAM with Ab 708 and protein A-agarose (E-Y Laboratories, San Mateo, CA), gel electrophoresis, and immunoblotting were done according to the procedures reported by Cheung et al. (7) . Ab 708 was used for immunoprecipitation because Ab 669 is ineffective in precipitating the C-CAM. Immunoblot development was performed according to the Bio-Rad protocol provided with the BioRad Immun-Lite Assay Kit (Bio-Rad Laboratories; Richmond, CA), and developed using Kodak X-omat film.
To determine if the material precipitated by Ab 708 could be recognized by Ab 669, blotting was done with each antibody. A series of molecular weight standards was used to determine the relative mobility of the precipitated protein. Figure Id) , using normal rabbit serum instead of the primary antibody, no specific staining could be seen. However, weak fluorescence was present along the basal membranes and some of the lateral cell surfaces.
Results

Immunoflzrorescence
PAP Staining
The luminal surface of both acinar cells and intercalated ducts in sections of the parotid gland incubated with Ab 669 were labeled with peroxidase reaction product (Figures 2a and 2c) . The luminal surfaces of the striated and excretory ducts were stained less strongly. In the acini, a positive staining reaction could be observed on the luminal and lateral membranes (Figures 2a and 2c ) but not on the basal membranes, even when observed under oil immersion (Figure 2c ). Intercellular canaliculi also were labeled (Figure 2c ). When the primary antibody was omitted from the procedure, no staining could be detected in acini or ducts (Figure 2b ).
Immlzrnogold labeling
Immunogold labeling was carried out in thin sections of the parotid and submandibular glands. The results were consistent with those obtained at the LM level. Labeling was observed in intercalated and striated ducts as well as acini. In the acinar cells of the parotid gland, specific gold labeling occurred primarily on the luminal bot-der (Figures 3a and 3b) , and on the microvilli in the intercellular canaliculi (Figure 3c ). Gold particles also could be occasionally Seen along the lateral surfaces (Figure 3c ). Similar results were seen with the submandibular gland (not shown). The basal membranes of the acinar cells did not show specific labeling in the parotid gland, but some labeling could be observed on that surface in the submandibular gland (not shown). Labeling could be seen along the luminal surface of the intercalated ducts (Figure 4a ). although to a lesser degree than in the acini. Labeling was also observed along the luminal surface of the striated ducts (Figure 4b) . The reactivity was concentrated along the microvilli (MV) bordering the lumen in the acini and in the ducts. In areas where no microvilli were obvious, few gold particles were observed. No reactivity was detected in or around junctional complexes between cells (Figures 3b and  4a) . Occasionally, gold particles were associated with small vesicles in the apical cytoplasm of acinar cells (Figure 3c ) and duct cells 1 --- Figure 4b) . A few randomly distributed gold particles could be seen throughout the sections. Howcvcr. when the primary antibody was omitted. similar scattered gold particles were observed. indicating specific labeling only on the plasma membrane surfaces.
I Immunoblotting
To demonstrate that the protein detected in the immunohistochemical studies is indeed an ecto-ATPase, we conducted immunoprecipitation studies on two different plasma membrane preparations from the rat parotid gland. Ab 669 is ineffective in precipitating C-CAM (4). Therefore, we used another C-CAM antibody. Ab 708. to precipitate C-CAM. followed by SDS-PAGE of the immunoprecipitate and immunoblotting with either Ab 708 ( Figure 5A 
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ATPase and ecto-AMPase, providing the nucleosides for the transport system. Lin (9) also has suggested a similar function for the C-CAM in the canalicular membrane of the liver hepatocytes. ATP has been detected in saliva collected from human parotid and submandibular glands (18). Conservation of adenosine is therefore a possible function of C-CAM in the salivary glands. Ecto-ATPases may in certain situations reduce the level of neuron-released ATP (19) . The presence of the enzyme on the luminal and lateral borders in the sahvary glands suggests, however, that the enzyme serves some function other than, or in addition to, the hydrolysis of ATP released as a co-transmitter from nerve terminals at the basal border of cells in this tissue.
Clearly, the co-precipitation of ATPase activity and the protein band of approximately 100 KD using Ab 708 suggest an ectonudeotidase function for C-CAM in vivo (7). The results shown in Figure  5 confirm the identity of the protein detected in the present study with the C-CAM and ATPase activity reported by Cheung et al. (7) . The location of C-CAM on the luminal microvilli is consistent with some role in secretory or absorptive activity. At this point it is not possible to precisely define the function of C-CAM in the salivary glands.
